The sphenoid bone which is located in the middle of the skull base articulates with most of the bones forming the skull. The so-called corpus sphenoidale is the body of sphenoid bone. The concavity in the middle part of the upper surface of corpus sphenoidale is the hypophyseal fossa, in which the hypophysis lies. [1, 2] The hypophyseal fossa is limited by the tuberculum sellae anteriorly and dorsum sellae posteriorly. The two small processes on both sides of the tuberculum sellae are named as middle clinoid processes and the small processes on the superior lateral corners of the dorsum sellae are the posterior clinoid processes. The hypophyseal fossa is examined in three parts, namely, the anterior wall, poste- 
rior wall, and the floor. Because these three structures resemble a Turkish saddle, this region is named as sella turcica. [1] [2] [3] [4] [5] [6] Development of sella turcica is closely associated with the development of the hypophysis. The size of the sella turcica will vary depending on the normal or pathological development of the hypophysis, [3, 4] which is the primary endocrine gland controlling most of the endocrine functions. 25% of the anomalies diagnosed in the lateral cephalometric radiograms by the orthodontists account for the glandular anomalies. The most common radiologic manifestation of these anomalies is enlarged sella turcica due to a hypophyseal adenoma. [2, 7] Besides its importance endocrinologically, the hypophysis is also important due to its anatomical location, including its proximity to the hypothalamus, optic chiasm, sphenoid sinus, cavernous sinus and its internal anatomic structures. [4, 5] The recent developments in endoscopy allowed transnasal endoscopic approaches performed in the sellar region and its surroundings. The anatomical structures, especially the shape of the posterior clinoid processes, are of importance during this process. As the advanced radiological investigations are required for three-dimensional evaluations of the anatomic structures in the pre-operative period, identifying the presence of any variations of sella turcica in the lateral cephalometric radiographs may be beneficial as a preliminary information, providing a guide for the patient management. [8] Embryological development of sella turcica is associated with the development of craniofacial bones with its anterior part developing from the neural crest cells, and its posterior part developing from the paraxial mesodermal cells. Sella turcica plays a key role in the migration of neural crest cells towards the frontonasal and maxillary areas under embryologic development. While the anterior wall anomalies of the sella turcica are associated with the anomalies in the frontonasal region, the ones belonging to the posterior wall are associated with the cerebral developmental defects. [2] Studies in monozygotic twins have shown that genetic factors are not solely responsible for the genesis of the sella turcica morphology. [9] Certain reference points and planes are used as landmarks in lateral cephalometric radiographs for sagittal classification of facial types and for the planning of orthodontic treatments. In this aspect, sella is important because of its central location as a reference point in cranial morphology and its relation with the intermaxillary suture. [2, 3, 7] Therefore, the S point, where the sella turcica is located, bears importance for the practice of orthodontists. On the other hand, the anterior wall structure is more reliable in cases when variations of the sella turcica are present. [10] One of the measurements, which shows the sagittal relation between maxilla and mandibula is the 'ANB' angle. This angle is formed by the arbitrarily named points A, N, and B defining the cephalometric landmarks as follows: First, point A is the deepest point in the bony concavity, extending from the anterior nasal spine to the first upper incisor. Secondly, the point N (nasion) is the union point of the frontal and nasal bones. And finally, the third one, point B is the deepest point of the mandibular concavity extending from the lower incisors of mandibula to the tip of the chin (Figure 1) .
The size and shape of the sella turcica may be variable ranging from 4 to 12 mm vertically and from 5 to 16 mm anteroposteriorly in size. [3] Assessment of these variabilities in the size of the sella turcica in terms of malocclusions may be beneficial in planning the treatment.
For the assessment purposes, morphological variations of the sella turcica may be classified under the following headings: normal sella turcica, oblique anterior wall, double contour of the floor, sella turcica bridge, irregularity in the posterior part of the sella turcica, and pyramidal shape of dorsum sella. [11] [12] [13] [14] [15] The most common variation of the sella turcica in the orthodontic literature is the sella turcica bridge -the manifestation of the union of the anterior and posterior structures of the sella turcica. The image of this variation may be the display of the calcification of the interclinoid liga- Figure 1 . ANB angle. A: deepest point in bony concavity extending from the anterior nasal spine to the first upper incisor; B: deepest point of the mandibular concavity which extends from the lower incisors of mandibula to the tip of the chin; N: nasion, the union point of frontal and nasal bones. ment or it may be formed by the superimposition of the sellar structures. [2] It is reported in the literature that the sella turcica bridge is associated with local dental anomalies. [16] The aim of this study was to define the sella turcica variations and determine the associations of skeletal Class I, II, and III malocclusions to the sella turcica variations.
Materials and Methods
This study included 94 patients (48 males and 46 females) between 14-26 years of age admitted to Baflkent University, School of Dentistry between 2013-2017, whose lateral cephalometric radiographs were obtained by the same imaging device (Veraviewepocs ® , Morita, CA, USA). The radiographs included in this study were randomly selected from a pool of 3517 patient records. The radiographs were excluded from the study if the following were present including any signs of a syndrome, cleft lippalate, history of a previous maxillofacial surgery or previous orthognathic surgery, or any known endocrine diseases. In addition, the radiographs of patients that went under endocrinologic treatment were excluded. Furthermore, the radiograms with a double view or if the sella turcica could not be visualized clearly were also excluded. The drawings, measurements, and filtrations on the cephalometric radiographs were performed with Dolphin Imaging software (Vers 11.5 Premium, Patterson Dental, St. Paul, MN, USA) using the appropriate criteria.
Skeletal classification of the cephalometric radiographs was made using the ANB angle. Patients with an ANB angle between 0°to 4°were accepted as skeletal Class 1, the patients with an angle above 4°were accepted as skeletal Class II, and the patients with an angle below 0° were accepted as skeletal Class III. The results of the Wits' analysis were evaluated in order to eliminate the possibility of the mandibular posterior rotation obscuring any skeletal anomalies in the patients with increased perpendicular direction values. For this purpose, the radiographs were excluded if the results from the ANB angle measurements and Wits' analysis did not coincide. To eliminate the effects of growth-related changes in the post-pubertal period, the patients, who completed or who were about to complete their growth processes were included in the study. Therefore, the lower limit of the age range of the study patients was determined to be 14 years in females, and 16 years in males. The upper limit of the age range was 26 years.
According to these inclusion and exclusion criteria, 94 individuals were included in the study. Of these, 30 were classified as skeletal Class I, 31 skeletal Class II, and 33 skeletal Class III. The magnification ratio was eliminated by calibration by means of a radioopaque ruler image with a known spatial size, located at the upper right corner of the radiographs.
Radiographs of the patients with skeletal Class I, II, III malocclusions were classified in six groups according to sella turcica variations as follows: a) normal sella turcica, b) oblique anterior wall, c) double contour of the floor, d) irregularity in the posterior part of the sella turcica, e) sella turcica bridge, and f) pyramidal shape of dorsum sella (Figure 2) . [4] The measurements of sella turcica were performed on the radiographs. Calculated variables including the length, depth, and diameter values of sella turcica were illustrated in Figure 3 . The length was measured as the distance between the tuberculum sellae and dorsum sellae. The depth was measured as the distance extending from the length line to the deepest point of the hypophyseal fossa. And finally, the diameter was measured as the distance between the tuberculum sellae and the most posterior point inside the fossa.
Descriptive statistics were expressed as mean and standard deviation values when the parametric assumptions were satisfied. If these assumptions were not satisfied, the descriptive statistics were expressed as median (minimummaximum) values. The descriptive statistics for the categorical variables were given as frequency (n) and percentage (%).
To evaluate the intra-rater reliability, 30 radiographs were randomly selected 30 days later than the initial evaluations. Then, the length, depth, and diameter of the sella turcica were measured, determining the variants. To evaluate the correlation between two measurements, the Intraclass Correlation Coefficient (ICC) was calculated. The Kappa coefficient was calculated to test for the agreement of nominal categorical variables between two measurements.
For continuous dependent variables, Student's t-test was used to detect the differences between the gender groups because the parametric test assumptions were satisfied. The Kruskal-Wallis test was used to detect the differences between the skeletal classes and variation groups because the parametric test assumptions were not satisfied. As significant differences were found in length between the variant groups, the Mann-Whitney U test was used to make multiple comparisons with Bonferroni's correction. For the categorically dependent variables, Pearson ChiSquare or Fisher-Freeman Halton Exact test was used for testing the independence. The probability of a Type I error (alpha) was chosen as 5% in all tests. Statistical Analysis was performed using the Statistical Package for Social Sciences (SPSS for Windows, version 17.0, Chicago, IL, USA). 
Results
A moderate level of agreement was calculated between the two rater assessments for sella turcica variations. For all numeric variables, the correlations between the two rater measurements were detected to be strong.
In this study, 38 (40.4%) of the lateral cephalometric radiographs were evaluated as the images of normal sella turcica. Irregularity in the posterior part of sella turcica was observed in 21 (22.3%), pyramidal shape of dorsum sellae was observed in 13 (13.8%), double contour of the floor was observed in 9 (9.6%), sella turcica bridge was observed in 7 (7.4%), and oblique anterior wall was observed in 6 (6.4%) cases ( Table 1) .
There was a significant relationship between sella turcica variations and skeletal classes (p=0.017). Normal sella turcica was the most common (46.7%) variant in patients who had skeletal class I malocclusions. This ratio was 30.3% and 45.2% in the skeletal Class II and III patients respectively, with the most common variant being the normal sella turcica in these patients. 24.2% of the Class II patients were had irregularity in the posterior part of sella turcica. The least common variation in patients with Class II malocclusion was the double contour of the floor (6.1%). In patients with Class III malocclusion, the second most common variant after normal sella turcica was an irregularity in the posterior part of sella turcica (29%). The double contour of the floor and sella turcica bridge variants were not found in this group ( Table 1) . There was a significant relationship between sella turcica variations and gender (p=0.358) ( Table 2 ).
In the sella turcica measurements of 94 cases, the mean length was 9.74 mm±2.09, the mean depth was 8.03±1.34, and the median diameter was 11.65 mm (7. statistically significant difference was found between males and females for the length, depth, and diameter (p=0.069; p=0.280; p=0.951, respectively) ( Table 3 ).
There was a statistically significant difference between the sella turcica variants in terms of length (p=0.023). Among the variants, the highest values in length were observed for the oblique anterior wall variant. In order to determine which individual variant groups resulted in these differences, Mann-Whitney U test was used for multiple comparisons with Bonferroni's correction. These tests demonstrated the significant differences between first, the oblique anterior wall and double contour of the floor variants; and secondly between the double contour of the floor and pyramidal shape of dorsum sellae variants. On the contrary, there were no statistically significant differences between the sella turcica variations in terms of depth and diameter (p=0.598; p=0.179, respectively) ( Table 4 ).
The differences between the skeletal classification types and the length, depth, and diameter values of the sella turcica were not statistically significant (p=0.060, p=0.492, and p=0.077, respectively) ( Table 5 ).
Discussion
In our study, the linear measurements and morphological structures of the sellae turcica were examined and compared in patients with different skeletal classes. We observed normal sella turcica in 40.4% of the patients. Valizadeh et al. [7] found normal sella turcica in 24.4% of their patients which was lower than our study. Al Kofide [14] found normal sella at a percentage of 67% which was higher than our study. The difference in percentages may be due to varying ethnic origins.
The sella turcica bridge is one of the variants and is defined as the ossification in dura mater between the Sella turcica bridge 8.7 (7.7-11.6) 8.7 (5.6-9.9) 11.8 (7.4-13) Irregularity in the posterior part of sella turcica 9 (6-13.5) 7.4 (6.4-10.8) 11.1 (9.5-14.4) anterior and posterior clinoid processes. This malformation can also be seen in healthy individuals. [15] In the present study, the sella turcica bridge was seen in 3.2% of the Class I patients; in 4.3% of the Class II patients, and at a 7.4% frequency in total. But this variant was not observed in the Class III patients. Sella turcica bridge rate was found to be close to the rate found in our study: 5.5% by Axelson et al., [11] 23.3% by Valizadeh et al., [7] and 1.1% by Al Kofide et al. [14] Meyer-Marcotty et al. [17] found the sella turcica bridge more commonly in Class II patients (16.8%) compared to Class I patients (9.4%). Similarly, in their study involving adult women, Marflan and Öztafl [18] found sella turcica bridge more commonly in Class III patients (18%). In our study, this variation was not seen in Class III patients. These different results in the literature may be due to the number of included subjects and their existing malformations. The sella turcica bridge is also associated with the deviation developing during the dentation. [17, 18] Studies in pediatric populations demonstrated an association between this malformation and the craniofacial deviations, and also reported that the treatment of malocclusions was more complex in these patients. [2, 15] Similar to the findings of Al Kofide et al., [14] the differences in length, depth, and diameter were not statistically significant between the males and females in our study. In our study, there was no statistically significant difference in length, depth, and diameter measurements among patients with Class I, II, and III malocclusions. In contrast, Valizadeh et al. [7] found higher values in terms of length in Class III cases compared to those values observed in Class I and II patients. Al Kofide [14] also found a statistically significant difference in diameter measurements between Class II and Class III patients.
In a study by Canigur Bavbek and Dincer, [12] lower rates of normal sella morphology were observed in diabetic patients compared to healthy individuals. Sella turcica enlarges with increased age. However, in our study, patients with endocrine disorders were excluded and age limits were defined for the study patients to evaluate the measurements.
Rai et al. [19] analyzed the shape and size of sella turcica, and four groups were described according to the shape of the hypophyseal fossa and posterior clinoid process, which was a different methodology compared to our study. Then, the sizes were examined according to the gender and age. All values in women were observed to be higher than the values measured in males. However, in our study, there was no statistically significant difference according to gender. Some congenital syndromes, such as Down syndrome, trisomy 21, myelomeningocele, Meckel-Gruber syndrome, anencephaly, trisomy 18, chondrodystrophy, hydrocephaly, Williams syndrome, and Seckel syndrome may affect the shape and size of sella turcica. Small sella turcica may result from a necrosed hypophysis due to infarction. Sella turcica may enlarge due to the enlargement of the hypophysis. An enlarged sella turcica may also be observed in empty sella syndrome, where the herniation of the subarachnoid space with cerebrospinal fluid occurs. [6, 10, 19] Yasa et al. [4] used cone beam computed tomography to examine the sella turcica morphology. Using a different classification system, they found that 69.5% of the cases had a circular morphology, 16.4% were flat, and 14% were oval in shape.
Due to their common embryological origins, the association between various dental anomalies and the sella turcica bridge variant has received the attention from the investigators. Ali et al. [16] found a higher rate of sella turcica bridge in patients with buried canine teeth. In this study, sella turcica bridge is seen more commonly in Class II patients. The morphology and size of the anterior and posterior clinoid processes are important for vascular surgery and trans-sphenoidal endoscopic procedures. To decrease the risk of intraoperative complications, the anatomy of this region should be evaluated thoroughly. [8] 
Conclusion
Results of this study in regards to sella turcica variations and associated measurements will contribute to the normal reference standards which will be used by future studies on craniofacial malformations and syndromes. Furthermore, the results of the study are of importance in terms of raising the awareness of orthodontists to identify the sella turcica variations in lateral cephalometric radiographs used in the diagnosis and treatment planning, as these findings will allow considering the associated pathologies and patient referrals accordingly. 
